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INTRODUCTION AND LITERATURE REVIEW 
The suggestion that social and environmental stresses 
placed on a host may affect not only its parasite fauna, but 
also the reaction of the host to its parasites is not a new 
concept in parasitology. However, detailed studies concern­
ing such phenomena are relatively few. Rarer still are ex­
periments specifically designed to determine effects of 
stress on hosts infected with various helminth parasites. 
The lack of activity in this area of study stems partially 
from the fact that the term stress implies a wide variety of 
conditions, with only limited data available concerning 
actual mechanisms and repercussions. Intensive studies to 
determine these mechanisms were not undertaken until the 
late iy40s and early 1950s when H. Selye bey cm Lo iuvesLi-
gate stress. In his numerous publications he defines stress 
as "a state manifested by a specific syndrome which consists 
of all the nonspecifically induced changes in a biologic 
system". This syndrome, known as the 'General Adaptation 
Syndrome' (G.A.S.) or simply as the 'stress syndrome', has 
been reviewed frequently by Selye and co-workers (Selye, 
1946a, 1946b, 1950, 1959; Selye et al., 1951-1956). Many 
of the processes involved in this syndrome are still unknown 
or only speculative. The paucity of information concerning 
the physiology of stress has retarded investigations on 
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stress and parasitism. 
Actual stress itself may be induced in various ways 
including crowding, fighting, noise, temperature, and 
hibernation. It may be psychological or physical. Regard­
less of what form it takes, stress in some manner causes 
an organism to react differently than it would in a normal 
situation and evokes a specific set of physiological reac­
tions. When examining parasitized animals under conditions 
of stress, a parasitologist is confronted by two questions: 
first, "What effect, if any, does stress on the host produce 
on its parasites?" and second, "How does stress affect the 
host's response to the parasite?". These questions have been 
asked by many investigators utilizing a variety of hosts and 
parasites. In helminthological studies the range of hosts 
may include both invertebrate and vertebrate (poikilother-
mic and homeothermic) animals. Because this study is con­
cerned with effects of stress on a vertebrate, homeothermic 
animal, i.e., the laboratory mouse, only literature con­
cerned with stress and homeothermic vertebrates will be re­
viewed here. A survey of some of the more important papers 
dealing with stress and invertebrates and stress and poikilo-
therms is included in Lightner (1972). 
3 
Miscellaneous Stress and 
Parasitism 
Several types of stress and their effects on parasitism 
have been examined and, in general, may be divided into two 
categories: (1) social stress and (2) physical stress. 
Social stress may be defined as stress brought about by the 
interaction of a host with other members of its own species. 
Crowding and fighting are examples. Physical stress, on the 
other hand, results from changes in the host's environment. 
Such factors as heat, cold, starvation, noxious stimulants, 
etc. may be considered as physical stress. 
Because crowding and fighting are natural stresses, 
continually operative in laboratory as well as in wild 
animals depending on any type of social order, such social 
stresses attracted the attention of early investigators. 
Davis and Read (1958) examined both adult and larval de­
velopment of the nematode Trichinella spiralis in a wild 
strain of mice. They divided mice into two groups; (1) 
mice isolated in individual cages and (2) mice kept in groups 
of ten. In all experiments, both adult and juvenile develop­
ment of the nematode was enhanced in crowded, fighting 
groups of mice. In a series of studies beginning in 1961, 
G. A. Noble studied stress and parasitism (Noble, 1961, 
1962, 1966a, 1966b, 1971). In two of these studies involving 
effects of crowding on tv70 parasites of Uinta ground squirrels 
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(Citellus armatus), he observed a significant increase in 
numbers of a cecal protozoan (Trichomonas sp.) in fighting 
ground squirrels when compared to nonfighting, noncrowded 
controls (Noble, 1961). In addition, he found that by merely 
caging wild-caught squirrels he could produce a 67% increase 
in the trichomonad population a few days after initial confine­
ment. Using the same host species and stress in another series 
of experiments, but this time examining squirrels for coccidian 
parasites, he was unable to draw any definite conclusions 
concerning parasite populations in stressed and nonstressed 
hosts (Noble, 1962) . The most recent study on fighting stress 
and parasitism was published by Jackson and Farmer (1970). 
They found significant increases in the parasitemias of 
Trypanosoma duttoni in dominant animals of pairs of fighting 
laboratory mice, and higher parasitemias in both types of 
animals over isolated controls inoculated at the same time. 
Both Davis and Read and Jackson and Farmer attributed higher 
parasite levels to an alteration in the host's immune 
rAsnnnsA or resistance associated with fighting and over­
crowding . 
Numerous papers concerning physical stresses and their 
effects on parasitism have been published since the early 
1900s. The majority of these deal with host hibernation 
and temperature stress each of which will be discussed 
individually. Several additional stresses have been studied. 
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Sheppe and Adams (1956) showed that if mice were infected 
with the normally nonlethal blood parasite Trypanosoma 
duttoni, and then were fed half their normal ration of diet, 
they would succumb to the parasitic infection. Welter 
(1960), however, found that the development of Histomonas 
meleagridis, a flagellate protozoan inhabiting the ceca of 
chickens and turkeys, was retarded in starved birds in con­
trast to unstarved hosts. Noble (1961) obtained similar re­
sults in a study of cecal trichomonads in starved ground 
squirrels, for he obtained a 6.5% decrease in the tricho-
monad populations in stressed squirrels over unstarved con­
trols . 
In other studies. Noble (1961) tested a variety of 
physical stresses. He concluded that constant light, 
noxious stimulants (formalin, ammonium hydroxide, and acetic 
acid fumes), and sudden noises provided sufficient stress 
in ground squirrels to result in increases in their cecal 
trichomonad populations ranging from 26% to 69% greater than 
populations in nonstressed squirrels. In 1970 Noble again 
used varied physical stresses to determine if there were 
effects on leishmaniasis (Leishmania braziliensis) in 
hamsters. Stresses of crowding, swimming, and restraint 
produced observable acceleration of leishmaniasis as indi­
cated by nose swelling (a characteristic response to 
leishmanial infection). However, Noble did not consider 
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this significant. 
In an early study involving physical stress (other 
than temperature) and development of a helminth parasite, 
Robinson (1961) examined the effects of mild electrical 
stimulation, bright lights, and a loud noise on Trichinella 
spiralis infections in an inbred strain of laboratory mice. 
In all experiments, he recovered a greater number of adult 
worms in stressed mice, with significantly fewer worms having 
been recovered from nonstressed hosts. He was also able to 
recover adult worms from stressed mice immunized by a prior 
Trichinella infection. No worms were recovered from im­
munized, nonstressed mice. 
Host Hibernation and 
Parasitism 
One of the early forms of stress examined by parasitolo­
gists was hibernation. As pointed out by Chute (1961), 
hibernating animals provide an environment for their parasites 
different from that provided by homeotherms or poikilotherms. 
The body temperature of the hibernator varies considerably 
during periods of hibernation and may drop to a few degrees 
above zero centigrade (Lyman and Chatfield, 1955). Studies 
on various parasites in a number of hosts are summarized 
in Table 1. 
As early as 1903, Blanchard found that the lethal effect 
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Table 1. Studies concerning host hibernation and parasitism 
Parasite and Host Reference 
PROTOZOA 
Trypanosoma gambiense 
in Arctomys marmota 
Trypanosoma evansi 
in Arctomys marmota 
Trypanosoma brucei 
in Arctomys marmota 
Toxoplasma sp. 
in Marmota (=Arctomys) marmota 
TREMATODA 
Schistosomatium douthitti 
in Mesocricetus auratus and 
Citellus tridecemlineatus 
Schistosoma mansoni 
in Mesocricetus auratus 
Fasciola hepatica 
in Citellus tridecemlineatus 
Blanchard and Blatin 
(1907) 
Blanchard and Blatin 
(1907) 
Blanchard (1903a,b) 
Rodhain (1951) 
Dery (1961) 
Dery (1961) 
Ford and Lang (1967) 
CESTODA 
Hymenolepis nana and H. diminuta 
var. citelli in Citellus citellus 
Simitch and Petrovitch 
(1954) 
NFMzvT'nnF.q 
Gongylonema longispiculum 
in Citellus citellus 
Trichinella spiralis 
in Cricetus auratus 
Trichinella spiralis 
in Eliomys quercinus 
Simitch and Petrovitch 
(1954) 
Chute and Lewis (1958) 
Chute (1961) 
Chute (1960) 
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of Trypanosoma brucei in marmots was diminished by hiberna­
tion and concluded that in nature, hibernation freed the 
animals of their parasites (Blanchard, 1903a, 1903b). 
Blanchard and Blatin (1907) observed that in marmots, hiber­
nation in excess of 4 to 5 days would provide protection 
against the lethal effects of trypanosome infection, if 
hibernation occurred within the first week following inocu­
lation. Rodhain (1951) reported that development of another 
protozoan parasite (Toxoplasma) of marmots was also in­
hibited by hibernation. 
In one of the rare studies concerning host stress and 
cestode infections in homeotherms, Simitch and Petrovitch 
(1954) found that European ground squirrels (Citellus 
citellus), originally infected with Hymenolepis nana, con­
tained no worms after hibernation in the laboratory. They 
reported that H. diminuta var. citelli was also eliminated 
after 20 to 25 days of uninterrupted hibernation. 
Effects of hibernation on trematode infections have 
also been investigated. Dery (1961) observed that the 
blood flukes Schistosoma mansoni and Schistosomatium 
douthitti developed and produced viable eggs in hiber­
nating hamsters and ground squirrels, but that such develop-
ment was retarded. Ford and Lang (1967) determined that if 
hibernation were induced before the liver fluke Fasciola 
hepatica had migrated to the common bile ducts of ground 
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squirrels, development and maturation of the worms was 
considerably retarded. With the exception of one study 
(see Table 1), all work done on host hibernation and nema­
todes is concerned with Trichinella spiralis. In an early 
study, Blanchard and Blatin (1907) showed that marmots in­
fected during hibernation did not demonstrate the muscle 
phase of T. spiralis 31 days after exposure. Results of 
Chute (1961) confirmed those of Blanchard and Blatin. He 
found that hibernation either prevented or retarded de­
velopment of juveniles of T. spiralis in the golden hamster 
(Cricetus auratus). In a subsequent study (Chute and Covalt, 
1960) with T. spiralis, bats were used as hosts. Because the 
body temperature of a bat drops to within a few degrees above 
ambient temperature except during periods of activity (Chute, 
1961).- i t i s nnf classified as a true hiberna Lor. Neverthe­
less, Chute and Covalt (1960) found that T. spiralis is in­
hibited in bats kept at low temperatures, even though it will 
develop in bats maintained at 30 to 34° C. 
Temperature Stress and 
Parasitic Infections 
It has long been thought that environmental temperature 
stress may play a role in the development of a parasitic 
infection. As early as 1910, Sir Ronald Ross (Ross and 
Williams, 1910) stated that he felt much experimental work 
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was yet to be done regarding the cure of parasitic diseases 
"especially by such simple natural agencies as heat and 
cold". He went on to reason that, if these conditions were 
abruptly altered, the result might be harmful to the parasites 
and that this harm might be caused by changes in the patient's 
blood or tissues. His references dealt with parasites of 
homeothermic animals. Unlike poikilotherms, body temperatures 
of homeotherms do not vary greatly by alteration of the ex­
ternal environment. From Ross' early observations to the 
present, numerous published accounts dealing with the effects 
of temperature on various host-parasite relationships have ap­
peared in the literature. The protozoan family Trypanosoma-
tidae, which includes many species of medical and veterinary 
importance, have been intensively investigated, and studies 
concerning teiuperdtuxe sLress among these parasitée arc 
summarized in Table 2. One of the most significant of these 
is that of Qtieno (1972) who determined that Trypanosoma 
evansi could not develop in mice at 35° C. However, the in­
fection appeared when mice were transferred to 23 to 27° C. 
Other studies worthy of note (Kolodny, 1940; Trejos et al., 
1965; Amrein, 1967; Marinkelle and Rodriguez, 1968) concern 
the development of Trypanosoma cruzi. These workers observed 
comparable results, namely that at low temperatures T. cruzi 
is usually extremely pathogenic, but at elevated temperatures 
it becomes less chronic and sometimes disappears entirely. 
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Table 2. Studies concerned with temperature stress and 
trypanosomes 
Reference Trypanosome 
species 
Host 
(common name) 
Ross and Williams (1910) T. 
T. 
T. 
T. 
brucei 
evansi 
equiperdum 
lewisi 
guinea pigs 
guinea pigs 
rats 
rats 
Oehler (1914) T. brucei mice 
Kligler (1927) T. evansi white rats 
van den Branden (1939) T. brucei rats 
Kolodny (1940) T. cruzi white rats 
Sheppe and Adams (1956) T. duttoni laboratory mice 
Trejos et al. (1965) T. cruzi Swiss mice 
Amrein (1967) T. cruzi Swiss mice 
Marinkelle and 
Rodri.gnez (1968) T. cruzi Swiss mice 
Hayatee (1970) Leishmania spp. hybrid mice 
Otieno (1972, 1973) T. brucei Swiss mice 
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Trypanosomes of the genus Leishitiania have also been examined. 
Hayatee (1970) found that cutaneous leishmaniasis in mice 
developed somewhat more rapidly in animals kept at 4° C, 
whereas no lesions developed in mice maintained at 35 to 36® 
C. Additionally, he observed that 5 month old lesions healed 
if mice were transferred to warmer environments (35 to 36° C). 
Temperature effects on other protozoans have also been 
investigated. Welter (1960) found that temperature extremes 
had no significant effect on histomoniasis in chickens and 
turkeys. Noble (1966b) discovered a significant increase 
in the number of Entamoeba in the cecal fluid of cold 
stressed ground squirrels. He also observed an increase in 
cecal trichomonads when hosts were placed in heated cages 
(Noble, 1961). The most recent study in this area is con­
cerned with effects of lowered environmental temperature on 
the growth of the exoerythrocytic stages of Plasmodium 
berghei, a malarial parasite of rodents (Yoeli et al., 1975). 
Yoeli and co-workers showed that tissue schizonts of P. 
berghei in rats maintained at 12° C for 48 hours were nearly 
half the size of those in rats kept at normal temperatures. 
They concluded that environmental temperatures of 9 to 12° C 
exert, directly or indirectly, a delaying effect upon the 
maturation of the primary tissue stages of P. berghei. Their 
experiments, however, are presently in a preliminary stage. 
Published reports concerning environmental temperature 
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effects on helminth parasites of homeotherms are few. The 
first such study was done by Noble (1966a). In his experi­
ments, he infected ground squirrels (Citellus aramtus) with 
known numbers of a cecal pinworm, Syphacia citelli. He 
stressed half of these animals by removing all bedding from 
their cages and adding 2 kg. of ice each night. He reasoned 
that this corresponded to normal nighttime temperature stress 
placed on squirrels in their natural habitat. Upon examina­
tion, cold-stressed squirrels demonstrated a 311% increase in 
pinworm numbers over nonstressed controls. Lightner and 
Ulmer (1974), studying Trichinella spiralis development in 
inbred mice, discovered a direct relationship between en­
vironmental temperature and adult worm numbers. As the 
ambient temperature increased, so did the number of adult 
worms recovered. Cornford (1972), while studying effects of 
thyroxine and insulin on the trematode 5 ch i s to soma t i um 
douthitti, noted that if the room temperature at which he 
maintained his infected animals varied as little as 6° C 
(19 to 25° C), a difference in size would result in the 
adult worms recovered. S. douthitti adults from mice main­
tained at 19° C were smaller than those from mice maintained 
at 25° C. However, such difference in size was significant 
(P < 0.05) only for female worms. 
On the basis of preliminary observations that environ-
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mental temperature appears to influence helminth infections 
in homeothermic animals, studies were initiated to determine 
the extent of such an influence on schistosome infections in 
mice. Schistosomes were chosen as the test species for 
several reasons: (1) observations of Cornford required 
confirmation by means of more extensive experimentation; 
(2) development of murine schistosomiasis under normal condi­
tions has already been well documented by Warren (1966, 1968); 
(3) both species of schistosome used in the study (Schistosoma 
mansoni and Schistosomatium douthitti) are easily maintained 
in the laboratory; and (4) schistosomiasis is a major world 
health problem. 
15 
MATERIALS AND METHODS 
Schistosome adults and larval stages used in this study 
were originally obtained from the Mollusc Division, Museum 
of Zoology, The University of Michigan, Ann Arbor, Michigan 
through the courtesy of Dr. Harvey Blankespoor and Mr. Philip 
LoVerde. Experiments involved two species of schistosomes 
(Trematoda: Schistosomatidae); Schistosomatium douthitti, 
(Cort, 1914) Price, 1931, a blood fluke commonly found in 
muskrats and meadow mice in the midwestern United States, and 
Schistosoma mansoni Sambon, 1907, a human blood fluke 
occurring in tropical areas of Africa and South America. 
In all experiments, laboratory mice served as definitive 
hosts. 
Exposure of Mice 
Cercariae of S. douthitti and S. mansoni exhibit dif­
ferent patterns of behavior when shed from their respective 
snail intermediate hosts. Those of the former tend to 
cling to the surface film of the water in containers in which 
snails are maintained (Kagan et al., 1954). Collection and 
transfer of precise numbers of cercariae by pipette is thus 
somewhat difficult. S. mansoni cercariae swim actively and 
can be accurately counted in a pipette. Because of this 
difference in behavior, it was necessary to use two different 
16 
methods of exposure. 
Exposure of mice to S. douthitti was accomplished by a 
loop technique similar to that described by Kagan et al. 
(1954). Each mouse was positioned, ventral side up, on a 
small wooden board (16 cm x 10 cm) and restrained by two 
pieces of adhesive tape, one across the upper thorax, the 
other across the hind legs and lower abdomen. In this manner 
the mouse was held relatively motionless. Hair on the abdo­
men was then clipped and the area moistened with a small 
amount of distilled water. Pooled cercariae, shed no more 
than three hours earlier from 25 to 30 Lymnaea palustris 
(=L. elodes) snails infected with S. douthitti were used 
for exposures. Cercariae were removed from the surface film 
of the water in the snail container by means of a small loop 
made from a ytranu of human hair fastened to a disRActing 
needle. They were then counted under a dissecting microscope 
and applied to the abdomen. Each mouse was exposed to 30 
cercariae. Mice were kept restrained for 30 minutes at room 
temperature (25 to 27° C) and were then returned to their 
respective cages. 
Exposures of mice to S. mansoni were accomplished by a 
technique, similar to that used by Weinmann and Hunter (1960) , 
involving partial immersion of the mouse body in cercarial 
suspension. The strain of S. mansoni used in this study 
originated in Puerto Rico and is currently maintained in a 
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red mutant strain of the snail Biomphalaria glabrata 
(=Australorbis qlabratus) and mice at The University of 
Michigan and Iowa State University. Both sources of snails 
were used for experiments in this study. Each mouse was 
exposed to either 50 or 100 cercariae obtained from a pool of 
larvae shed no more than three hours earlier from 25 to 35 
B. glabrata. Cercariae of an appropriate number were counted 
under low power of a dissecting microscope and then trans­
ferred by pipette to a glass jar (225 ml capacity) containing 
25 ml of artificial spring water (Ulmer, 1970). Because mouse 
urine and feces adversely affect survival of cercariae, mice 
were placed in a small aquarium of lukewarm water and allowed 
to urinate and defecate prior to exposure. Mice were exposed 
individually in the jars for 45 minutes at room temperature 
(25 to 27" C) and then retuxiied ùù Llieir caycS. 
Examination of Mice 
Two principal effects of environmental temperature 
stress were examined in this study: (1) effects on number 
of cercariae maturing to adult schistosomes and (2) effects 
on development of murine hepatosplenic schistosomiasis man-
soni syndrome (Warren, 1968). Experimentation, therefore, 
was divided into two stages, each requiring a different type 
of examination of infected mice. 
Effects of temperature stress on number of developing 
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adult worms were studied using S. douthitti. Stressed 
laboratory mice which had been exposed to S. douthitti 
cercariae, were examined for adult worms using a perfusion 
method modified from that of Duvall and DeWitt (1967). Each 
mouse was killed by intraperitoneal injection of a solution 
of Nembutal ^ (sodium pentobarbital) and heparin. This solu­
tion also prevented host blood from coagulating and caused 
adult schistosomes to shift from the mesenteric blood vessels 
to branches of the portal vein in the liver, thereby simpli­
fying the perfusion process. Actual perfusion involved lacera­
tion of the portal vein, placing a 20 gauge hypodermic needle 
in the thoracic aorta, and introducing a solution of citra-
ted saline which flowed through the vascular system of the 
mouse. The saline solution flushed adult schistosomes from 
the lacerated portal vein. Perfusion fluid was collected in 
50 ml centrifuge tubes and worms were allowed to settle to 
the bottom. They were then pipetted into fresh saline, sexed 
and counted. The perfused mouse carcass was further examined 
for worms remaining in the blood vessels. These were removed 
with a brush. By these techniques, an accurate number of 
adult worms developing in each mouse could be determined. 
In the second stage of the study, effects of temperature 
on hepatosplenic involvement in murine schistosomiasis were 
examined. Each mouse was weighed and then killed by cervical 
dislocation. It was immediately dissected and gross signs of 
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spleen and liver disease were recorded. The liver and 
spleen were removed and also weighed. In several experiments, 
livers were then prepared for determination of the number of 
schistosome eggs deposited in this organ using the method of 
Cheever (1968). Each liver was placed in a flask containing 
100 ml of 4% potassium hydroxide (KOH) solution and then incu­
bated for 4 to 6 hours at 37° C. The flask was then removed 
and contents were stirred on a magnetic stirrer set at 
medium speed. Two 1 ml samples were removed by pipette and 
the number of schistosome eggs in each sample counted in a 
Sedgwick-Rafter counting chamber. The average of the two 
counts was determined and, by further calculations, the 
number of eggs per gram of liver could be established for each 
mouse. Mean numbers of all parameters were then calculated 
for each experimental group. Examination of S. douthitti-
infected mice was conducted at 20 days post-exposure; S. 
mansoni.-infected mice were examined at 50 to 55 days post­
exposure. 
Experimental Animals 
In an initial experiment, the source of mice used was 
the animal laboratory of the Department of Genetics, Iowa 
State University. Mice from this source consisted of a 
variety of laboratory strains, but two inbred types pre­
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dominated: black and yellow variations of an inbred marker 
stock and a wild strain (originating from captured wild mice). 
In these experiments, both sexes of mice were employed, their 
ages varying from six to eleven weeks. However, an earlier 
study by Lightner and Ulmer (1974) showed that the effects of 
temperature might be augmented if only a single strain of mouse 
were used, particularly a Swiss albino strain. Therefore, 
for the majority of experiments reported here, an outbred 
Swiss albino strain (Sch: ARS HA(ICR)f), originally purchased 
from Sprague-Dawley, Madison, Wisconsin and then bred in the 
laboratory, was used. Both sexes were exposed; ages varied 
from four to six weeks. All animals were given Wayne Lab 
Blox and Teklad mouse and rat diet and tap water ^  libitum 
throughout each experiment. 
in Experiment 1, mice wt;i.e iiOuseu iii ifùcLàl csgss (17 
cm x 25 cm x 13 cm) in groups of five regardless of sex or 
age. This arrangement permitted use of a maximum number of 
mice in a minimal amount of incubator space. However, since 
mice tend to form a social order rather rapidly when placed 
together in cages, an added stress was placed on some of 
these animals. Such stress, as indicated by earlier workers 
(Davis and Read, 1958; Noble, 1962; Jackson and Farmer, 1970), 
may have an effect on parasitic infections. To avoid this 
extraneous stress, in all subsequent experiments, mice were 
caged individually in small plastic cages (15 cm x 28 cm x 
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13 cm). In all experiments, cages were supplied with a loose 
sawdust bedding material, changed every five to seven days. 
Temperature stresses in this study were applied in two 
ways. 'Cold' stress was created by placing mice in a re­
frigerator set at 10 to 15° C. Fresh air was supplied to 
this chamber at a constant rate by a compressed air system. 
Mice to be 'heat' stressed were placed in two small incu­
bators, each of which was set at 35 to 36° C. Again, fresh 
air was continually supplied to these chambers. Nonstressed, 
'control' groups were maintained at 'room' temperature vary­
ing from 25 to 27° C. With the aid of electric timers, each 
group was placed on the same photoperiod of 13 hours day­
light. 
Three types of environmental temperature stress were 
studied. In initial experiments, mice were divided into the 
three different groups as described above. All groups were 
acclimated to their respective temperatures for one week 
prior to exposure. After exposure, all animals were again 
returned to their temperature chambers until they were 
examined. In a second series of experiments, mice were not 
acclimated, but were all exposed at room temperature and 
subsequently randomly divided into stressed and nonstressed 
groups. In the third type of experiment, only the effects of 
heat stress were examined. Such mice were exposed at room 
22 
temperature and were maintained at room temperature for 30 
days post-exposure. After 30 days, they were randomly divided 
into two groups. One group remained at room temperature and 
the other was placed in the 35° C chamber. Both groups were 
examined 20 days later at 50 days post-exposure. 
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RESULTS 
Experiment 1 
This experiment was designed to determine if environ­
mental temperature stress would affect the development of a 
trematode in a homeothermic host. Host animals were divided 
into three experimental groups as previously described. Each 
group was first acclimated to its respective environmental 
temperature for five days prior to exposure to cercariae of 
Schistosomatium douthitti, then stressed. At twenty days 
post-exposure, mice were examined for adult and developing 
S. douthitti. 
Results of Experiment 1 are presented in Table 3 and in 
Graphs 1 and 2. Mean numbers of adult worms recovered from 
each temperature group were calculated and compared. Com­
parison of the three means indicated an inverse relationship 
between environmental temperature and the number of adult S. 
douthitti. This relationship can be seen clearly in Graph 1. 
The percentage of adult worms recovered based on the number 
of cercariae administered was also calculated and results 
are illustrated in Graph 2. A statistical analysis by Stu­
dent's t test v;as conducted to determine if the differences 
in worm burdens were significant. As indicated in Table 4, 
the relationship between temperature and worm burden is not 
precisely an inverse relationship because the difference 
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Table 3. Effects of environmental temperature on the de­
velopment of Schistosomatium douthitti in laboratory 
mice at 20 days post-exposure 
Environmental Mean number of worms Mean percentage of 
temperature recovered + S.E. cercariae recovered 
10 - 15 C (13)1 9.15 + 1,1 (2 - 17)^ 30.51 + 3.8^ 
25 - 27 C (15) 7.93 + 1.2 (1 - 16) 26.44 + 4.2 
35 - 36 C (11) 4.00 + 0.08 (1 - 8) 13.32 +2.5 
"Number in ( ) is the number of animals in each group. 
2 Number in ( ) is the range of worms recovered. 
3 
Mean percentage of cercariae recovered as adult worms 
+ S.E. of the mean; based on 30 cercariae administered to 
each mouse. 
Table 4. Statistical analysis of experimental data (Student's 
t test) 
n 10-15° vs 25-27° vs 10-15° vs 
25-27" 35-36" 35-36 = parameters 
(df) t (df) t (df) 
Worm burdens 0.72 (26) 2.45? (24) 3.65% (22) 
% Cercariae , 
recovered 0.72 (26) 2.45^ (24) 3.54 (22) 
^Difference between the means is significant to at least 
the 0.05 level. 
^Difference between the means is significant to at least 
the 0.01 level. 
Graph 1. Effects of environmental temperature on adult 
Schistosomatium douthitti in laboratory mice at 
twenty days post-exposure; mean number of worms 
recovered at each temperature + S.E. of the mean 
based on 30 ccrcarias administered to mouse 
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between 'cold' and 'room' temperature groups are not signifi­
cant. However, significant differences (P < 0.05) were 
demonstrated between the heat-stressed group and the other 
two groups. 
Although none of the worms recovered was measured, all 
specimens, even those from temperature-stressed mice, ap­
peared normal in development, the only obvious difference 
being the number of worms recovered. 
Experiment 2 
Once it was established that environmental temperature 
stress could affect schistosome infections in mice, it was 
decided to investigate more intensively some of the host 
responses to the helminth infection in stressed animals. 
Experiment 2 was the initial experiment in this aspect of 
the study. 
As previously mentioned, more rigid controls were placed 
on experimental animals in this and all subsequent experi­
ments = All mice were of one specific, genetically uniform 
Swiss albino strain, similar in size and of approximately 
the same age group, i.e. five to six weeks old. Each mouse 
was isolated in its own cage for at least two weeks prior to 
the initiation of each experiment in an effort to eliminate 
all stresses except temperature. In Experiment 2, animals 
were divided into three experimental groups as in Experiment 
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1. Each group was then acclimated to its respective tempera­
ture for one week, exposed to 100 cercariae of Schistosoma 
mansoni, then stressed for approximately eight weeks. At 
the end of this incubation period, each mouse was examined 
for both splenic and hepatic response to the infection. 
Results of Experiment 2 are presented in Table 5. In 
addition to actual weights of organs (i.e. liver, spleen), 
these organ weights were calculated as percentages of the 
animal's total body weight. Because the mean body weights 
varied considerably from group to group, percentage of total 
body weight is a much more accurate indicator of changes 
occurring in the organ. Mean spleen and liver weights as per­
centages of total body weight are shown in Graphs 3 and 4 
respectively. The same type of inverse relationship ex­
hibited in Experiment 1, in this instance between organ 
weights and temperature, is indicated in Experiment 2. 
Again, statistical analysis (Table 12) demonstrated signifi­
cant differences (P < 0.05) for all parameters only between 
the 'hot' temperature group and mice maintained at 'room' 
and colder temperatures, and not between 'room' and 'cold' 
temperature groups. The decrease in liver weight with an 
increase in temperature is partially due to the fact that 
livers of heat-stressed mice contained far fewer schistosome 
eggs than livers of mice in either of the other two groups. 
Numbers of eggs per gram of liver were calculated and are 
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Table 5. Experiment 2. Effects of environmental temperature 
on host response to Schistosoma mansoni in Swiss 
albino mice at 53 days post-exposure 
Experimental 
parameters 
10-15° 
(18)1 
C 25-27 
(20) 
0 C 35-36 
(21) 
o C 
Body weight (g) 32.50 + 1.1^ 34.84 + 1.0 29.91 + 1.0 
Spleen weight (mg) 303 + 20 330 + 23 176 + 14 
Spleen weight as % 
of body weight 1.00 + 0.1 1.00 + 0.1 0.61 + 0.1 
Liver weight (mg) 2728 + 102 2625 + 113 1726 + 77 
Liver weight as % 
of body weight 8.40 + 1.0 7.78 + 0.6 5.81 + 0.2 
Schistosome eggs/ 
gram of liver 5293 + 1086 5112 + 1530 366 + 117 
^Number in ( ) is the number of animals in each group. 
2 Mean + S.E. of the mean; based on 100 cercariae ad­
ministered to each mouse. 
listed in Table 5; the differences among groups are clearly 
illustrated in Graph 5. 
Experiment 3 
Experiment 3 was essentially a repetition of Experiment 
2 with several minor changes. Because the previous two 
experiments had failed to demonstrate any significant dif­
ferences between 'cold' and 'room' temperature groups of 
mice, the 'cold' temperature group was not included in this 
32 
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Graph 5. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; mean 
number of parasite eggs per gram of liver + 
S.E. of the mean based on 100 cercariae 
administered to each mouse 
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and subsequent experiments. Instead, a group of uninfected 
mice was maintained at 'room* temperature. Values for ex­
perimental parameters obtained from this 'normal' group of 
animals were compared to figures obtained from the other ex­
perimental groups. Also in this experiment, mice were not 
acclimated to their temperatures prior to exposure. Instead, 
all animals were exposed at 'room' temperature and then half 
were randomly chosen and heat-stressed for approximately 
eight weeks; the remaining half was maintained at 'room" 
temperature for eight weeks. Finally, mice in this experiment 
were exposed to only 50 cercariae of S. mansoni. It was 
thought that 100 cercariae might have produced an infection 
large enough to distort the effects of temperature stress 
and that 50 cercariae were sufficient to produce hepatosplenic 
schistosmiasis in mice without excessive morbidity and mor­
tality. Warren (1963) demonstrated that as few as one pair 
of worms would cause significant hepatosplenic disease with­
out being fatal to the host. 
Results from Experiment 3 are presented in Table 6 and 
Graphs 6 and 7. As in preceding experiments, heat-stressed 
mice showed a marked decrease in hepatosplenic responses to 
the schistosome infection when compared to 'room' temperature 
controls. Statistical analysis demonstrated this decrease to 
be significant for all parameters to at least the 0.05 level 
(Table 12). Unfortunately, the number of eggs per gram of 
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Table 6. Experiment 3. Effects of environmental temperature 
on host response to Schistosoma mansoni in Swiss 
albino mice at 55 days post-exposure 
Experimental 
parameters 
25-27° 
(9) 2 
25-27° 
(16) 
C 35-36° 
(23) 
C 
Body weight (g) 38.46 + 1.2 3 33.95 + 2.1 28.62 + 1.1 
Spleen weight (mg) 108 + 7 342 + 66 150 + 23 
Spleen weight as % 
of body weight 0.40 + 0.2 1.12 + 0.2 0.60 + 0.1 
Liver weight (mg) 1826 + 41 2490 + 292 1548 + 75 
Liver weight as % 
of body weight 4.77 + 0.1 7.51 + 0.5 5.44 + 0.3 
Mice in this group were uninfected. 
2 
'Number in ( ) is the number of animals in each group. 
3 
Mean + S=E= of the mean; based on 50 cercariae 
administered to each mouse. 
liver was not determined for either group in this experi­
ment. However, livers of mice in each group were examined 
for gross pathological signs of schistosomiasis. Although all 
livers from 'room' temperature mice showed white egg granu­
lomas and clay pipestem fibrosis characteristic of murine hepa-
tosplenic schistosomiasis as described by Warren (196 8), only 
about one-third (6 of 19) of the heat-stressed mice showed any 
sign of a granulomatous response. Among heat-stressed mice 
exhibiting a granulomatous response, the response was 
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Graph 6. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; mean spleen 
weight as a percentage of total body weight + S.E. 
of the mean based on 50 cercariae administered to 
each mouse 
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Graph 7. Effects of environmental temperature on murine hepa-
tosplenic schistosomiasis mansoni; mean liver weight 
as a percentage of total body weight + S,E. of the 
mean based on 50 cercariae administered to each 
mouse 
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generally manifested by only a few scattered granulomas 
accompanied by few fibroses. Because the granuloma forms 
around an individual egg, and pipestem fibrosis results from 
many granulomas in close proximity to each other (Warren, 
1968), it can be assumed that the differences in gross path­
ology of the two groups were due to a decrease in eggs 
present in the liver accompanied by a decrease in the granu­
lomatous response to the eggs in heat-stressed mice. This 
assumption can only be confirmed by an intensive histo-
pathological study of temperature-stressed mice. 
A statistical analysis comparing both temperature 
groups to uninfected controls was also performed. Results 
from this analysis are presented in Table 13. Significant 
differences were obtained for all parameters between un­
infected mice and both temperature groups. However, dif­
ferences in parameters considered most important, i.e. organ 
weights as percentages of body weight, were more significant 
(P < 0.025 and P < 0.001) for 'room' temperature mice than for 
heat-stressed mice (P < 0.05) indicating a closer relationship 
to the 'normal' hepatosplenic condition of uninfected mice. 
Results from Experiments 2 and 3 were also compared to 
determine if the number of cercariae to which each mouse had 
been exposed affected the outcome of the experiment. This 
comparison is presented in Table 7 and in Graphs 8 and 9. 
Because calculated values for all parameters for the two 
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Table 7. Effects of environmental temperature on host 
response to Schistosoma mansoni in Swiss albino 
mice; Comparison of results from Experiments 2 
and 3 (mice exposed to 100 and 50 cercariae) 
Experimental Cercariae ,_o p oco r 
parameters mouse 
Body weight (g) 100 34.84 + 1.0^ 29.91 + 1.0 
50 33.95 + 2.1 28.62 + 1.1 
Spleen weight (mg) 100 330 + 23 176 + 14 
50 342 + 66 150 + 23 
Spleen weight as % 100 1.00 + 0.1 0.61 + 0.1 
of body weight 50 1.12 + 0.2 0.60 + 0.1 
Liver weight (mg) 100 2665 + 113 1726 + 77 
50 2490 + 292 1548 + 75 
Liver weight as % 100 7.78 + 0.6 5.81 + 0.2 
of body weight 50 7.51 + 0.5 5.44 + 0.3 
V.ear. + ---- -- the mean: 
experiments were similar, a statistical analysis was done to 
determine if significant differences existed between the two. 
Results of this analysis are presented in Table 8. No 
significant differences were demonstrated between 'room' 
temperature mice exposed to 100 cercariae and those exposed 
to 50 cercariae. Only liver weight and liver weight as a 
percentage of body weight were significantly different 
between the two groups of heat-stressed mice. Livers of heat-
stressed mice exposed to 100 cercariae were heavier and 
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Effects of environmental temperature on murine hepa-
tosplenic schistosomiasis mansoni; comparison of 
spleen weights as percentages of total body weights 
+ S.E. of the mean for Experiments 2 and 3 
Graph 9. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; comparison 
of liver weights as percentages of total body 
weights ± S.E. of Lhe raean for Expsriincnts 2 
and 3 
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Table 8. Statistical analysis of differences between 
groups of mice exposed to 100 and 50 cercariae 
(Student's t test) 
Experimental 25° C 35° C 
parameters t (df) t (df) 
Body weight 0.60 (34) 1.38 (42) 
Spleen weight 0.24 (34) 1.84 (42) 
Spleen weight as % 
of body weight 0.78 (34) 1.20 (42) 
Liver weight 0.78 (34) 2.09^ (42) 
Liver weight as % 
of body weight 0.51 (34) 2 . 0 6 *  (42) 
difference between the means is significant to at 
least the 0.05 level. 
constituted a larger percentage of total body weight than 
those of 'hot' mice exposed to 50 cercariae. 
Experiment 4 
Experiments 2 and 3 had established that environmental 
temperature stress dees indeed affect response to a 
schistosome infection in a homeothermic host. The next fac­
tor to be determined was the point at which 'hot" temperature 
stress exerts its influence in suppressing the development of 
hepatosplenic schistosomiasis. It was demonstrated in 
Experiment 3 that a period of acclimation prior to exposure 
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is not necessary because all mice were exposed at 'room' 
temperature and a random group of these mice was chosen for 
stressing. Thus, it can be concluded that the differences 
in hepatosplenic response were not due to a decrease in 
cercarial penetration brought about by the stress. It was 
hypothesized that temperature might have some effect on 
maturation and egg production of the schistosome. Experiment 
4 was designed to test this hypothesis, A large group of mice 
was prepared and each mouse was exposed to 50 cercariae of 
S. mansoni at 'room' temperature. All infected mice were thus 
maintained at 'room' temperature for 30 days post-exposure. 
According to Kloetzel (1967) , this is sufficient time for 
development of cercariae to adults, but insufficient time 
for adult female worms to begin egg production. At 30 days 
post-exposure, one-half the infected animals were heat-
stressed for an additional 25 days. The other half was 
kept at 'room' temperature for this period together with a 
group of uninfected controls. All mice were examined at 55 
days post-exposure (approximately eight weeks). 
Results from Experiment 4 are presented in Table 9 
and in Graphs 10, 11 and 12. As in all preceding experi­
ments, heat-stressed mice exhibited a decreased hepatosplenic 
response. Statistical analysis (Table 12) demonstrated this 
decrease to be significant for all parameters except number 
of eggs per gram of liver. The implications of the failure 
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Table 9. Experiment 4. Effects of environmental temperature 
on host response to Schistosoma mansoni in Swiss 
albino mice: Effects of delayed stress 
Experimental 
parameters 
25-27 
(10) 
0 
4 
c: 25-27° 
(14) 
c2 35-36° 
(11) 
Body weight (g) 37.89 + 1.2^ 36. 95 + 0.8 32.58 + 0. 7 
Spleen weight (mg) 152 + 21 317 + 27 188 + 10 
Spleen weight as % 
of body weight 0.40 + 0.1 0.86 + 0.1 0.57 + 0.1 
Liver weight (mg) 2025 + 51 2771 + 149 1823 + 60 
Liver weight as % 
of body weight 5.38 + 0.2 7.50 + 0.4 5.59 + 0.1 
Schistosome eggs/ 
gram of liver - 3364 + 398 2444 + 267 
^Mice in this group were uninfected. 
2 Mice in this group were maintained at 25-27° C for 55 
days post-exposure. 
^Mice in this group were maintained at 25-27° C for 30 
days post-exposure, then stressed at 35-36° C for an addi­
tional 25 days. 
^Number in ( ) is the number of animals in each group. 
^Mean + S.E. of the mean; based on 50 cercariae 
administered to each mouse. 
to obtain a significant figure for this value will be dis­
cussed later. 
Both groups of temperature-stressed mice were compared to 
uninfected 'room* temperature controls. As in Experiment 3, 
both groups showed significant increases in hepatosplenic 
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Graph 10. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; mean 
spleen weight as a percentage of total body 
weight + S.E. of the mean (Experiment 4; each 
mouse exposed to 50 cercariae, temperature 
stress applied at 30 days post-exposure) 
Graph 11. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; mean 
liver weight as a percentage of total body 
weight + S.E. of the mean (Experiment 4; each 
mouse exposed to 50 cercariae. temperature 
stress applied at 3u days post-exposure) 
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responses over uninfected mice for most of the parameters 
tested (Table 13). The major exception occurred in the 
comparison of liver weight as a percentage of body weight 
between uninfected and heat-stressed mice. Failure 
to obtain a significant difference between heat-stressed 
and uninfected mice is a further indication of the decreased 
hepatosplenic response brought about by the heat stress. 
Results from Experiment 4 were also compared to those 
from Experiment 3. In both experiments, mice had been ex­
posed to 50 cercariae, the only difference between the two 
being the time of application of heat stress. A comparison 
of these two experiments is summarized in Table 10 and 
illustrated in Graphs 13 and 14. Statistical analysis re­
vealed no significant differences between the two experiments 
for the important parameters (i.e. organ weights as 
percentages of body weight) for either temperature group 
(Table 11). From these results, it can be suggested that so 
long as the host is heat-stressed prior to the beginning of 
egg production by female schistosomes; ^ significant reduction 
in hepatosplenic schistosomiasis will result. 
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Table 10. Effects of environmental temperature on host 
responses to Schistosoma mansoni in Swiss albino 
mice: Comparison of Experiments 3 and 4 
Experimental 
Parameters Group 25-27° C 35-36° C 
Body weight (g) 
Liver weight as % 
of body weight 
B" 
Spleen weight (mg) A, 
B' 
Spleen weight as % a5 
of body weight B" 
Liver weight (mg) a' 
B' 
B' 
33.95 + 2.1^ 28.62 + 1.1 
36.95 + 0.8 32.58 + 0.7 
342 + 66 150 + 23 
317 + 27 188 + 10 
1.00 + 0.1 0.61 + 0.1 
0.86 + 0.1 0.57 + 0.1 
2665 + 113 1726 + 77 
2771 + 149 1823 + 60 
7.78 + 0.6 5.81 + 0.2 
7.50 + 0.4 5.59 + 0.1 
^Results from Experiment 3 (see Table 6). 
^Mean + S.E. of the mean; based on 50 cercariae 
administered to each mouse. 
O 
Results from Experiment 4 (see Table 8). 
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Graph 13. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; compari­
son of spleen weights as percentages of total 
body weights + S.E. of the mean for Experiments 
3 and 4 
Graph 14. Effects of environmental temperature on murine 
hepatosplenic schistosomiasis mansoni; mean 
liver weight as a percentage of total body 
weight + S.E. of the mean of male mice compared 
to female mice (Experiments 2 and 3) 
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Table 11. Statistical analysis of differences due to delay 
of stress application until 30 days post­
exposure (Student's t test) 
Experimental 25° C 35° C 
parameters t (df ) t (df) 
Body weight 1.82 (28) 3 .32°  (32) 
Spleen weight 0.43 (28) 2.95^ (32) 
Spleen weight as % 
of body weight 1.10 (28) 0.00 (32) 
Liver weight 1.07 (28) 3 .26°  (32) 
Liver weight as % 
of body weight 0.02 (28) 0.63) (32) 
Q 
Difference between the means is significant to at 
least the 0.025 level. 
^Difference between the means is significant to at 
least the 0.050 level. 
Table 12. Statistical analysis of experimental data; Experiments 2 through 4 
(Student's t test) 
Experiment 2 Experiment 3 Experiment 4 tiXper imenraj. 
parameters 15° vs 25° 25° vs 35° 25° vs c
n 0 25° vs 35° 
t (df ) t: (df) t TdfT t (df ) 
Body weight 2. 58^ (36) 5. 65® (39) 3.60® (37) 3.93® (23) 
Spleen weight 1. 03 (36) 5. 80® (39) 4.60® (37) 4.11® (23) 
Spleen weight as a % 
of body weight 
0.00 (36) 4.44® (39) 3.70® (37) 3.75b (23) 
Liver weight 0. 42 (36) 6 . 97® (39) 5.11® (37) 5.4 0® (23) 
Liver weight as a 
% of body weight 1.20 (36) 5 „ 04® (39) 6.47® (37) 4 . 52® (23) 
Number of schistosome 
eggs/gram of liver 
0.17 (18) IC.13® (20) - — 1.82 (23) 
^Difference between the means is: significant to at least the 0.01 level. 
*^Difference between the means is; significant to at least the 0.025 level. 
^Difference between the means is: significant to at least the 0.001 level. 
Table 13. Statistical analysis of differences between infected temperature-
stressed mice and uninfected controls (Student's t test) 
Experimental i 
parameters 
Cercariae 
mouse 
25° C infected vs 
25° C uninfected 
35 
25 
° C infected vs 
° C uninfected 
t (df) t (df) 
Body weight 50 
509 
2.15^ 
0.6 4 
(23) 
(22) 
7 
4 
. 28® 
. 01® 
(30) 
(19) 
Spleen weight 3.5 2^ 
4 . 58® 
(23) 
(22) 
3 
1 
. 32^ 
. 67 
(30) 
(19 )  
Spleen weight as 
of body weight 
% 50 
50? 
2 .77C 
5.56® 
(23) 
(22) 
2 
3 
.22^ 
.11'-
(30) 
(19) 
Liver weight 50_  
50^ 
2 .  34^ 
4 .08® 
(23) 
(22) 
3 
2 
. 30-Ê 
. 40^  
(30 )  
(19) 
Liver weight as 
of body weight 
% 50-, 
50' 
6.23® 
4.61® 
(23) 
(22) 
2 
0 
.64^ 
.  92 
(30) 
(19) 
"^Difference between the means is significant to at least the 0.02 5 level. 
^Difference between the means is significant to at least the 0.050 level. 
^Difference between the means is significant to at least the 0.001 level. 
^Difference between the means is significant to at least the 0.005 level. 
^Experiment 4. 
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Effects of 
Host Sex 
Many studies have dealt with effects of host sex on 
helminth infections. Mankau and Hamilton (1972), for example, 
in a study of the effects of sex on the juvenile-muscle 
phase of Trichinella spiralis, determined that male rats 
harbored approximately three times as many juveniles as 
females. Studies concerning host sex and helminths have 
been summarized by Solomon (1969) and by Cornford (1972). 
The majority of such studies suggest that female animals 
are less susceptible to helminths and show fewer effects from 
helminth infections than do males. Reasons given for such 
differences in susceptibiltiy appear to be associated with 
hormonal differences between the two sexes. A 1956 study by 
the World Health Organization (WHO, 1966) indicated a higher 
mortality among male mice infected with S. mansoni than among 
female mice. Results from the present study, however, sug­
gest just the reverse. In experiments in which both male and 
female mice were used (Experiments 2 and 3), female mice 
showed a more pronounced hepatosplenic response to S. mansoni 
infections than did males. These results are presented in 
Table 14 and in Graphs 15 and 16. This pattern prevailed in 
each temperature group in both experiments. Statistical 
analysis showed the differences to be significant for many. 
Table 14. Effects of environmental temperature on host response to Schistosoma 
mansoni in Swiss albino mice: Differences due to host sex 
Expérimenta1 
parameters 
Cercariae 
mouse 
Mouse 
sex 
10-15° C 25-27° C 35° C 
Body weight (g) 100 F M 
27.36 
37.66 
+ 
+ 
1.3^ 
1.0 
29. 52 
40.16 
+ 
+ 
1.0 
1.0 
26. 07 
33. 74 
+ 
+ 
1.0 
1.0 
50 F M 
26.20 
41.70 
+ 
+ 
1.7 
2.5 
25.50 
31.74 
+ 
+ 
1.1 
1.1 
Spleen weight (mg) 100 F M 
308 
297 
+ 
+ 
23 
34 
324 
335 
+ 
+ 
30 
36 
200 
152 
+ 
+ 
27 
11 
50 F M 
370 
314 
+ 
+ 
98  
33 
176 
123 
+ 
+ 
16 
7 
Spleen weight as % 
of body weight 100 
F 
M 
1. 12 
0.79 
+ 
+ 
0.1 
0.1 
1.12 
0 .84  
+ 
+ 
0.1 
0.1 
0.76 
0.45 
+ 
+ 
0.1 
0.1 
50 F M 
1.44 
0. 80 
+ 
+ 
0.4 
0.1 
0.70 
0. 40 
+ 
+ 
0.1 
0.1 
Liver weight (mg) 100 F M 
2367  
3088 
+ 
+ 
147 
150 
2322 
3007 
+ 
+ 
152 
170 
1520 
1931 
+ 
+ 
159 
46 
50 F M 
2106 
2873 
+ 
+ 
178 
405 
1394 
1701 
+ 
+ 
78 
72 
Liver weight as % 
of body weight 100 
F 
M 
3.6 0 
3.2 0 
+ 
+ 
0.3 
1.0 
7.98 
7. 56 
+ 
+ 
0.7 
0.5 
5.86 
5.75 
+ 
+ 
0. 2 
0. 2 
50 F M 
8 .09  
6.93 
+ 
+ 
0.5 
0.4 
5.51 
5. 36 
+ 
+ 
0.2 
0.2 
'Mean + S.E. of zhe mean. 
Graph 15. Effects of environmental temperature on 
murine hepatosplenic schistosomiasis mansoni; 
mean spleen weight as a percentage of total 
body weight + S.E. of the mean of male mice 
coiupcureâ tu lymait; iuiue (Expêi iuièiiLô 2 ailu 3) 
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but not all, of the parameters in each group tested (Table 
15). From this analysis, it was determined that the splenic 
response was most affected and that this effect was more 
pronounced in temperature-stressed mice than in 'room' 
temperature controls. 
Table 15. Statistical analysis of differences due to host sex (Student's t test) 
Experimental 
parameters 
Cercariae 
mouse 
F vs M 
10-15° C  
F vs M 
25-27° C 
F vs M 
35-36° C 
t (df) t (df) t (df) 
Body weight 100 7. 06® (16) 8. 64^ (19) 5. 59j (18) 
50 7. 6 0*- (14) 4. 13^ (21) 
Spleen weight 100 0. 27 (16) 0. 23 (19) 1. (18) 
50 0. 80 (14) 3 . 42^ (21) 
Spleen weight as % 100 3. o
 
o
 
(16) 1. 75 (19) 3. 44^ (18) 
of body weight 50 2. 4 6"^ (14) 4 .  29® (21) 
Liver weight 100 3. 45^ (16) 2. 94<? (19) 2. 57^ (18) 
50 2. se"- (14) 2. 94^ (21) 
Liver weight as % 100 0. 71 (16) 0. (19) 0. 42 (18) 
of body weight 50 2. 52^ (14) 0-48 (21) 
Difference between the means is significant to at least the 0. 025 level. 
Difference between the means is significant to at least the 0. 050 level. 
Difference between the means is significant to at least the 0. 001 level. 
Difference between the means is significant to at least the 0. 005 level. 
Difference between the means is significant to at least the 0. 010 level. 
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DISCUSSION 
Analysis of data compiled in this study indicates 
that environmental temperature stress influences murine 
schistosome infections in the following ways; (1) fewer 
worms develop in heat-stressed mice and (2) heat-stressed 
mice exhibit a decrease in hepatosplenic responses to the 
parasites. Results from the present study are in agree­
ment with earlier publications by Kolodny (1940) and Amrein 
(1967), both of whom, in studies on the blood protozoan 
Trypanosoma cruzi in rats and mice, found decreased numbers 
of trypanosomes in heat-stressed animals. In addition, 
Marinkelle and Rodriguez (1968) determined that a normally 
lethal strain of T. cruzi was fatal to only two percent of 
a group of hedt-stiesseu mice at two nionthc pcst-incculation 
and only eight percent at six months post-inoculation. 
Because both T, cruzi and the species of schistosomes 
examined in this study inhabit the bloodstream, it appears 
that heat stress causes modifications in the circulatory 
system which are detrimental to blood parasites. 
Several reasons have been suggested to account for 
differences in parasite numbers and host response between 
temperature-stressed and nonstressed animals. Kolodny 
(1940), for example, attributed changes in numbers of T. 
cruzi at various temperatures to be associated with what 
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he termed "modified physiological processes". Marinkelle 
and Rodriguez (1968) suggested that effects of high tempera­
ture on T. cruzi-infected mice in their study might have 
resulted from an acceleration and/or increase in the pro­
duction of protective antibodies in mice maintained at high 
temperatures. However, it is generally agreed that changes 
in the host's endocrine system brought about by stress do 
play a major role in influencing parasitic infections. 
Thus, Lightner and Ulmer (1974) suggested that effects of 
environmental temperature on Trichinella spiralis infec­
tions in mice resulted from an alteration of thyroid and 
adrenal secretion rates brought about by the temperature 
stress. It is proposed that the results of this study are 
also associated, at least in part, with thyroid-adrenal 
interactions. 
It is well known that a homeothermic animal, when 
placed in a hot or cold environment, shows modifications in 
endocrine secretions. The mechanisms associated with 
such modifications are reviewed in detail by Heroux (1969) 
and Guyton (1971). Essentially, in a cold environment, an 
increase in metabolism occurs, regulated by an increase in 
thyroxin levels. Also, because of the stressful situation, 
hormones are released from the pituitary gland causing an 
increase in the secretion of adrenocortical hormones from 
the adrenal glands. Normally, this increase in adreno-
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corticoids would cause a decrease in the host's inflamma­
tory response and an inhibition of fibroblastic activity. 
However, because thyroxin readily breaks down adreno-
corticoids, and there is an excess of thyroxin in cold-
stressed animals, the inflammatory response tends to be 
increased. Hence, in cold-stressed and, to a certain ex­
tent, 'room' temperature animals, the granulomatous and 
fibrotic responses to schistosome eggs in the liver (both 
of which are inflammatory responses (Warren, 1966; 1968) • , 
are increased, resulting in heavier liver weights and liver 
weight percentages of total body weight. In addition, the 
extra granulomatous and fibrotic tissue increases hepatic 
congestion causing splenomegaly. (According to Smithers 
and Terry (1969), splenomegaly is due in part to hepatic 
congestion.) In heat-stressed mice, nu in thyroxin 
occurs, but an increase in adrenocorticoids takes place as 
a result of the stressful situation. These adrenocorti­
coids are not broken down and hence cause a decrease in the 
inflammatory processes. Therefore, those schistosome eggs 
deposited in the livers of heat-stressed mice are not con­
tained in large granulomas surrounded by fibrotic tissue 
as they are in cold-stressed and 'room' temperature mice. 
The granuloma, although present, is much reduced. This 
results in a decrease in both hepatomegaly and splenomegaly. 
The aforementioned assertions concerning hormonal 
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changes in stressed animals offer a reasonable explanation 
for differences in host response to schistosomes. They 
do not, however, completely explain reasons for the dif­
ferences in worm burdens. There is some experimental evi­
dence that adrenal hormone levels affect worm development 
as well as host response. Coker (1957) observed that mice 
given injections of cortisone, an adrenocorticoid-like 
anti-inflammatory agent, contained fewer developing 
Schistosoma mansoni than saline-injected controls. 
Weinmann and Hunter (1960) also studied effects of corti­
sone on S. mansoni using three different injection 
schedules. In all cases, cortisone-injected mice harbored 
fewer S. mansoni regardless of when the drug was administered. 
It is interesting to note that, as in the present study, 
Weinmann and Hunter (1960) found no apparent differences in 
the condition, size, etc. of worms recovered from experi­
mental and control groups, but only differences in number 
recovered. Coker (1957) suggested that cortisone affected 
the early migration of cercariae of S. mansoni. It is 
possible that heat stress may have produced a similar effect 
in this study. Weinmann and Hunter (1960) showed that, even 
if the administration of cortisone were delayed until the 
schistosomes had completed their migration, worm develop­
ment could be affected. Again, in the present study, an 
experiment delaying the application of heat stress showed 
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similar results. However, the fact that no significant 
differences were observed for eggs per gram of liver 
between 'hot' and 'room' temperature mice indicates that, 
unlike cortisone injections, temperature stress must be 
applied well before egg production begins to significantly 
affect the schistosomes. 
In addition to hormonal changes, other physiological 
modifications take place in temperature-stressed animals 
which may influence bloodstream-inhabiting parasites. 
Changes occur in the diameter of the blood vessels, partic­
ularly peripheral vessels, due to changes in environmental 
temperature and its accompanying hormonal changes (Guyton, 
1971). For example, cold stress causes an increase in 
thyroxine which, in turn, results in vasodilation. Dilated 
blood vessels would present a much larger and easier 
pathway for migrating schistosomes than constricted vessels. 
Blood pressure is also affected by changes in external 
temperature, and this also might affect the successful mi­
gration of blood parasites. 
In summary, when an animal is temperature-stressed, its 
total physiological disposition is markedly affected. 
Parasites inhabiting such an animal are greatly influenced 
by the physiological condition of the host. The present 
study indicates that schistosomes and host response to 
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schistosomes are affected by environmental temperature 
stress. Before precise reasons for such effects are known, 
further extensive experimentation into the pathophysiology 
and histopathology of schistosome infections in tempera­
ture-stressed animals is needed. 
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SUMMARY AND CONCLUSIONS 
1. An investigation was undertaken to determine effects 
of varying environmental temperature on schistosome 
infections in mice. 
2. Groups of mice were maintained at three environmental 
temperatures: 10-15® C, 25-27° C, and 35-36° C, and 
were acclimated to their respective temperatures for 
one week prior to exposure to 30 cercariae of Schisto­
soma tium douthitti by a hair-loop technique. 
3. Mice were maintained at their respective temperatures 
for twenty days after exposure and were then killed 
and examined for developing S. douthitti. 
4. Results indicate that heat-stressed mice (35-36° C) 
tend to harbor significantly fewer (P < 0.001) S. 
douthitti at twenty days post-exposure than do mice 
kept at 'room' and colder temperatures. 
5. Studies on the effects of environmental temperature 
stress on hepatosplenic schistosomiasis mansoni were 
also conducted. 
6. Three schedules of temperature stress were applied: 
(1) groups of mice were acclimated to 8-10° C, 25-27° C, 
and 35-36° C for one week, exposed to 100 cercariae 
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of Schistosoma mansoni, then returned to their re-
respective temperatures; (2) a large group of mice 
was each exposed to 50 cercariae of S. mansoni, then 
one-half of the group was stressed at 35-36° C, the 
other half maintained at 25-27° C; (3) a large group 
of mice was each exposed to 50 cercariae of S. mansoni, 
then maintained at 25-27° C for thirty days at which 
time one-half of the group was heat-stressed, the other 
half kept at 'room' temperature. All mice were examined 
for hepatosplenic responses to the infection at approxi­
mately eight weeks post-exposure. 
7. Results indicate that, in all experiments, heat-stressed 
mice exhibit a significant decrease (P < 0.05) in 
hepatosplenic schistosomiasis mansoni based on liver 
weight, spleen weight, liver and spleen weights as 
percentages of total body weight, and the number of 
schistosome eggs in the liver. 
8. Significant differences in hepatosplenic responses 
were not demonstrated between acclimated and non-
acclimated mice or between mice exposed to 100 and 
50 cercariae each. 
9. Delay of temperature stress until thirty days post­
exposure resulted in a loss of significance in the 
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comparison of the number of eggs per gram of liver 
between heat-stressed and 'room' temperature mice. 
However, spleen and liver weight values were still 
significantly lower (P < 0.05) in heat-stressed 
animals. 
10. All infected mice had larger livers and spleens than 
did uninfected controls of the same age. 
11. In the majority of parameters in all experiments, 
within temperature groups, female mice exhibited 
greater effects (P ^ 0.05) of hepatosplenic schisto­
somiasis than did male mice. 
12. It is suggested that the decrease in numbers, of 
S- douthitti in heAt-srresseo mice is Lhe result of 
modifications in the host's circulatory system brought 
about by temperature stress and hormonal changes re­
sulting from such stress. 
13. It is suggested that the decrease in hepatosplenic 
responses to S. mansoni in heat-stressed mice is the 
result of an alteration of thyroid-adrenal interac­
tions in host animals resulting from temperature 
stress. 
77 
Further extensive study of the histopathology and 
pathophysiology of schistosomiasis in stressed ani­
mals is necessary before the mechanisms involved in 
the results obtained in this study can be wholly 
understood. 
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